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PHASE I RESULTS FROM THE STIRLING-POWERED VEHICLE PROJECT 
Richard K. Shaltens 

National Aeronautics and Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, OH 44135 


ABSTRACT 

The NASA Technology Utilization (TU) Office 
is sponsoring a multiyear, multiphase demon- 
stration program to assess the technology devel- 
oped under the DOE/NASA automotive Stirling engine 
(ASE) program with engines Installed in various 
Air Force vehicles while being evaluated by inde- 
pendent third parties under realistic conditions. 
This paper reviews the operational history of 
Phase I with a Mod I Stirling engine installed in 
an Air Force multistop van in a variety of mis- 
sions. Ten months of operation were with Air 
Force personnel at Langley Air Force Base, VA, 
where over 1100 hr and 4000 mi were logged on the 
Langley flight line. The Stirling-powered van 
was operated on unleaded gasoline, JP-4 aircraft 
fuel, and diesel fuel at Langley Air Force Base. 
Two months of operation were completed with Deere 
& Company personnel in the Moline, IL area where 
over 175 hr and 2650 mi were logged on a Deere 
mai 1 deli very route . 

INTRODUCTION 

The Automotive Heat Engine Program was begun 
in 1971 with the initial objective of developing 
alternative automotive heat engines with signif- 
icantly reduced emissions. The objectives of 
Improved fuel economy and multifuel capability 
were added in 1973. The Stirling engine was 
selected as one of the promising candidates in 
1975 for detailed evaluation. The DOE assigned 
the management responsibility for the ASE Project 
to the NASA Lewis Research Center in 1977. In 
1978, a Stirling engine development contract, 
funded by DOE and managed by Lewis, was awarded 
to MTI. As of January 1988, seven experimental, 
first-generation, Mod I automotive Stirling 
engines (ASE’s) were built and operated In test 
cells and vehicles for over 18 000 hr. Additional 
information about the DOE/NASA ASE Program activi- 
ties is given by Beremand and Tabata In Refs. (1) 
through (3). 

STIRLING-POWERED VEHICLE PROJECT 

The Stirling-Powered Vehicle Project (SPVP) 
is a technology demonstration program funded by 
the NASA Technology Utilization (TU) Office and 
DOE, and is directed toward placing commercial 


manufacturers and end users "on the path to com- 
mercialization" of the Mod II ASE. The SPVP is 
cofunded with an industry/government team that 
includes NASA Lewis, the Department of Energy, the 
Department of the Air Force, Deere & Company, 
Mechanical Technology Inc., and the American Truck- 
ing Associations. MTI is the prime contractor 
responsible for the implementation of the NASA TU 
SPVP. A multiyear, multiphase demonstration pro- 
gram was created by the industry/government team 
described in detail in Ref. (4). The prime objec- 
tives of the SPVP are as follows: (1) to obtain 

early operation and performance data while gain- 
ing initial experience in operating the Stirling 
engine in a typical user environment, (2) to eval- 
uate the Stirling engine in terms of establishing 
Stirling integrity, reliability, and durability, 
and (3) to accelerate the development of Stirling 
engines and enable the earliest possible use of 
the second-generation Mod II ASE. Phase I plans 
were to operate a first-generation Mod I Stirling 
engine up to 1000 hr using unleaded gasoline and 
JP-4 aircraft fuel In an Air Force van under 
realistic conditions. Langley AFB was chosen 
because it had an Air Force evaluation team (the 
Management and Equipment Evaluation Program 
(MEEP)) and because of the moderate Virginia cli- 
mate. Phase II would be in a second Air Force 
vehicle and would evaluate the Mod I ASE in dif- 
ferent climates and user conditions. 

VEHICLE INTEGRATION 

The Air Force provided a 1986 General Motors 
(GM) multistop (delivery) van (Fig. 1) powered by 
a standard 6.2-L (379-in^) V-8, diesel engine 
(145 hp (108.8 kW) at 3600 rpm). Curb weight of 
this vehicle is 6800 lb (2677 kg), with a maximum 
gross vehicle weight (GVW) of 8600 lb (3386 kg). 
Engine specifications and a power and torque curve 
are shown in Table 1 and Fig. 2. When the GM mul- 
tistop van arrived at MTI, It was driven approxi- 
mately 1100 mi to break in the drivetrain to 
ensure that the vehicle was sound. After the 
vehicle break-in was completed, the diesel engine 
was removed and a Mod I Stirling engine mockup was 
installed to determine what modifications would 
be required. The only major alteration required 
was a cutout In the front crossmember. This modi- 
fication was needed so that the engine and trans- 
mission could be properly Installed and aligned. 



The original transmission for the diesel-powered 
van was a vacuum-modulated, three-speed automatic. 
The Stirling engine is an external combustion 
engine and does not have intake manifold vacuum. 
Therefore, to match the Stirling engine, a 
Chrysler nonvacuum-modulated, three-speed automatic, 
transmission replaced the vacuum modulated, three- 
speed automatic. Additional details on the engine 
installation are contained in Ref. (5). 

A used Mod I ASE from the DOE/NASA Program 
was rebuilt by MTI personnel and installed in a 
dynamometer test cell for checkout, characteriza- 
tion, and piston ring break-in. A cross section 
of the Mod I ASE is shown in Fig. 3. The Mod I 
ASE Included all auxiliaries that would be used 
for the complete system when installed in the Air 
Force van. These included a 130-A alternator, 
atomizing air compressor, blower, and the starter 
and upstart motor that are required to operate 
the Stirling engine. Characterization included 
operation on both unleaded gasoline and JP-4 air- 
craft fuel. The Stirling specifications and the 
resultant power and efficiency curves are shown in 
Table 2 and Fig. 4. A detailed discussion of the 
multifuel development with unleaded gasoline and 
JP-4 fuel are contained in Ref. (6). 

Characterization included operation at vari- 
ous heater head temperatures (720 °C, 770 °C, and 
820 °C> and radiator temperatures (50 °C, 60 °C, 

70 °C, and 80 °C) and at a variety of idling points. 
MTI predictions indicated that the Mod I ASE, 
operated at a heater head temperature of 770 °C 
(nominal 75 hp), was adequate for the Phase I 
familiarization and the Air Force mission (both 
the flight line and on-base) at Langley. MTI 
engine/vehicle codes were used to compare the mul- 
tistop operation with diesels at 145 hp, 100 hp, 
and 60 hp and the Stirling engine at 75 hp. Per- 
formance predictions are shown in Table 3. 

After completion of the test cell characteri- 
zation, the Mod I ASE with auxiliaries was Installed 
In the Air Force van. Additional changes included 
the installation of a 12-gal auxiliary fuel tank, a 
hydrogen charging system, a larger radiator, a 
rear-compartment gas-fired personnel heating system, 
an accelerator assembly, a gas-fired front window 
defogger, and a hydraulic system for the power- 
control valve. Modification of the exhaust system 
included the removal of the muffler and the cata- 
lytic converter that are not required for use with 
the S t 1 rl i ng engine. 

A comparison of the diesel and Stirling- 
powered vans is shown in Table 4 and the engine 
1 nstal'l at ions are shown in Fig. 5. 

Also installed was a Digital Engine Control 
(DEC) and the necessary diagnostic equipment (i.e., 
CRT monitor, simulator and switch panels) shown in 
Fig. 6. All mechanical and electrical systems were 
completed in June 1986. Fine-tuning of the con- 
trols was completed on a chassis dynamometer, fol- 
lowed by operation and checkout of the Stirling- 
powered van. Over 30 hr and 220 mi of operation 
were successfully completed "on-the-road" in the 
Albany, NY area and with a simulated Air Force 
mission duty cycle on the MTI chassis dynamometer. 
The van performance of 0-30 mph in 10.5 sec is in 
good agreement with the MTI predictions (see 
Table 2) and was considered adequate for the Air 


Force mission on the Langley flight line. Check- 
out Included operation on both unleaded gasoline 
and JP-4 aircraft fuel. 

AIR FORCE FLIGHT-LINE EXPERIENCE 

The Stirling-powered van was delivered to Air 
Force MEEP personnel at Langley AFB in August 1986. 
MEEP personnel are responsible for the normal 
maintenance and monitoring of vehicle operations 
for the Air Force. Operational data were obtained 
from sources such as daily log sheets, weekly 
inspection records, and tachograph charts. Opera- 
tion of the vehicle provided the first "real world" 
data for determining the operational readiness of 
the first-generation Stirling engine for evalua- 
tion by the industry/government team. The Air 
Force experience is documented in Refs. 7 and 8. 

The Air Force delivery van, designated a "multi 
stop", was operated by regular Air Force operators 
assigned to the 27th Aircraft Maintenance Unit 
(AMU), Tactical Air Command at Langley Air Force 
Base, VA. The evaluation was for a period of 
10 months, from September 1986 through June 1987. 

The multistop was designed to transport personnel 
and light cargo in a stop-and-go duty cycle. The 
multistop was used for the "expediter" mission by 
the 27th AMU that provides maintenance control on 
the Langley flight line while serving from 15 to 
20 aircraft. Over 1100 hr and 4000 mi were suc- 
cessfully logged with the expediter mission. The 
Stirling-powered multi stop was operated on unleaded 
gasoline, JP-4 aircraft fuel, and diesel fuel dur- 
ing the 10-month evaluation period (Fig. 7). The 
multistop successfully towed a variety of support 
equipment without difficulty. Air Force personnel 
stated that the operation was "not a big deal" and 
was "better than anticipated". MTI support per- 
sonnel were available to the Air Force on a daily 
basis to troubleshoot and make minor repairs 
required during the evaluation. 

Training Procedures 

Startup and operation of the Stirling-powered 
van appears to be comparable to commercial diesel 
vehicles. Over 20 Air Force operators were trained 
and familiarized without difficulty during the 
evaluation period at Langley. A few operators 
initially experienced stalling of the engine when 
making hard left or right turns while at idle 
(400 rpm) or low vehicle speed. This is attributed 
to the use of an underpowered (80 hp) engine for 
this vehicle. Air Force operators quickly adapted, 
however, and the Stirling-powered van accomplished 
the expediter mission without difficulty. 

Duty Cycle 

Documentation of the duty cycle on the 
Langley flight line was accomplished with a 7-day, 
24-hr tachograph chart recorder. Daily readings 
of vehicle speed, engine speed, and miles traveled 
were recorded in order to provide a day-to-day 
record of the expediter duty cycle experienced by 
the Stirling-powered van. A typical chart, that 
of October 30, 1986, is representative of the 
expediter mission (Fig. 8). As can be seen, the 
engine idled for very long periods and had many 
short trips, with many starts and stops being 
recorded. Continuous duty over long periods did 
not present any problems. Fuel usage with unleaded 
gasoline was reported to be as good as or better 
than the standard gasoline-powered multistop. 
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The multistop was available on a 24-hr basis, 
as needed by the Air Force. Availability of the 
van ranged from 55 percent during the early months 
to an average of 86 percent at the completion of 
the operational period at Langley. This is con- 
sidered good for a single-unit demonstration at 
this stage of development. Vehicle operation was 
limited to the Langley flight line, where the 
authorized speed is from 15 to 25 mph, and on-base, 
where the authorized speed is limited to 35 mph. 

At times, the vehicle usage ranged from only a few 
minutes during a specific day to continuous around- 
the-clock operation during Air Force readiness 
exercises (Fig. 9). Air Force personnel found the 
Stirling-powered multistop to be as reliable as a 
standard vehicle for the expediter mission. 

Multifuel Evaluation 

Multifuel operation of the Stirling-powered 
van on the Langley flight line is shown in Table 5 
and in Fig. 7. Characteristics of the fuels used 
are shown in Table 6. 

Operation with both unleaded gasoline and 
J P-4 had been planned for Phase I and presented no 
difficulties during the evaluation period. The 
air/fuel ratio had been adjusted on the MTI chas- 
sis dynamometer for both fuels prior to delivery 
of the multistop. The air/fuel ratio with gaso- 
line and J P-4 was checked at the time of the switch- 
over in mid-March 1987 and no adjustments were 
required. J P-4 aircraft fuel was substituted for 
the unleaded gasoline using the same fuel tank. 

Minor adjustments were required to the air/fuel 
ratio in order to eliminate flameouts during the 
initial startup of the engine. Subsequent opera- 
tion and vehicle performance with the JP-4 air- 
craft fuel was reported to be as good as or better 
than operation with unleaded gasoline. 

At the request of the NASA TU industry/ 
government team, limited operation with diesel 
fuel was tried. Changeover to a summer grade of 
diesel fuel (DF-2) was accomplished in mid-May 
1987. Modification to the air/fuel system was 
required in order to incorporate a gasoline start 
and warm-up prior to switching to diesel. An aux- 
iliary fuel tank that had been added during the 
initial vehicle modification (for potential addi- 
tional multifuel evaluations) was used for diesel 
storage. The gasoline startup was required pri- 
marily because of an inadequate ignition source 
to ignite the diesel fuel. Operation on diesel 
fuel was successful and vehicle performance 
appeared to be adequate for the Air Force mission 
on the Langley flight line. 

Fuel Economy 

Fuel economy for the Stirling-powered van In 
the expediter mission was reported by the Air 
Force to be 6.3 mpg with all fuels used during the 
10-month evaluation period. Fuel economy numbers 
include fuel usage for both the gas-fired, front- 
window defogger and the rear-compartment heating 
system. This compares with an average of 4.3 mpg 
for four gasoline-powered vans and 8.1 mpg for 
nine di esel -powered vans used at Langley in simi- 
lar missions during the same period. 

Load-Carrying Characteristics 

In addition to carrying personnel to the air- 
craft on the flight line, the Stirling-powered 
multistop towed a variety of support equipment (up 


to 6000 lb (2362 kg)) on the Langley flight line 
wi th no diff icul ties . 

Emission Data 

The catalytic converter was removed from the 
exhaust system in the Stirling-powered van. No 
particulate traps were installed. However, 
because of the absence of a chassis dynamometer 
and necessary emission-testing equipment at 
Langley, no evaluation could be obtained. It is 
planned to evaluate the emissions of the Phase II 
Stirling-powered vehicle (D-150 truck) at Eglin 
AFB. 

Noise Evaluations 

A general noise evaluation was conducted by 
the Air Force on the Stirling-powered multi stop 
(with no muffler or resonator) and a diesel- 
powered multistop. Measurements were made using 
Dupont Mark I dosimeters. The survey consisted 
of attaching a dosimeter to each driver and driv- 
ing the two vehicles along the same routes for 
25 min. A comparison of the noise readings for 
both engines is as follows: 


Noi se 1 evel , 

Stirling 

Diesel 


dBa 

— ■ 

80.1 


mam 

104.8 



It was concluded that there were no apprecia- 
ble differences in noise levels generated by the 
two vehicles under similar operating conditions. 
Additional measurements made directly in front of 
the Stirling-powered van (83.7 dBA) and the diesel- 
powered van (80.5 dBA) were below the Air Force 
criterion of 84 dBA. It was observed that the 
major noise in front of the Stirling van was emit- 
ted from the auxiliaries, primarily from the cool- 
ing fans and the atomizing air compressor. 

Oil Evaluations 

Oil samples were taken 10 times during the 
one-year evaluation period and sent to Deere & 
Company for detailed analysis. No degradation of 
the oil was noted and Air Force operators and 
maintenance personnel observed that the oil 
appeared to be in "like new" or "virgin" 
condition. 

DEERE & COMPANY EXPERIENCE 

The Stirling-powered Air Force van was deliv- 
ered to Deere & Company Headquarters at Moline, IL 
in July 1987. The delivery van, shown in Fig. 10, 
was used for intraplant mail and package delivery 
service to a variety of Deere facilities in the 
Moline area. The van operated during a normal 
8-hr shift on a delivery circuit that made about 
35 stops and logged about 130 mi per day. Opera- 
tion of the van was expanded from the Air Force 
flight line (speeds up to 25 mph) mission to oper- 
ation on city streets and highways (up to 55 mph) 
in the Moline area. Fig. 11 is a tachograph from 
July 22, 1987 and represents the typical duty 
cycle that includes long idle time, many stops, 
and operation on local roads and highways. This 
duty cycle would be representative of a rural 
postal delivery route. Over 175 hr and 2650 mi 
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were successfully logged with the van operating 
on unleaded gasoline on the Deere intraplant 
delivery route during July and August. 

During the months of July and August, the air 
temperature in the Moline area ranged from a low 
of 40 °F (4.4 °C) to an extreme of 103 °F (40 °C). 
More than two weeks of continuous daytime tempera- 
tures of over 90 °F (32.2 °C) were experienced 
during the last two weeks of July. The operation 
of the Stirling-powered van was normal during this 
period of extreme temperatures, haze, and fog. A 
commercial fuel pump that experienced vapor lock 
was the only weather-related problem. After addi- 
tional cooling for the fuel pump was provided, no 
more difficulties were experienced during the 
extremes of temperature and humidity. 

CONCLUSIONS 

Operational experience with the Stirling- 
powered Air Force van is providing the first "real 
world" data for transportation applications. 
Independent operations by Air Force and Deere per- 
sonnel have logged over 1300 hr and nearly 7000 mi 
of successful vehicle operation (Fig. 12). Multi- 
fuel operation has been demonstrated by using 
unleaded gasoline, JP-4 aircraft fuel, and diesel 
fuel. No problems were identified for the basic 
Stirling engine. The 75-hp automotive Stirling 
engine, although underpowered for the Air Force 
multistop, has demonstrated that it has the poten- 
tial to be a viable multifuel engine for light- 
duty trucks and vans of the future. 
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Table 1 Diesel engine specifications 


Engine type ...... 

(in. 3) 


Va' 

Ive-in- 

head 

Piston displacement, L 



6.2 (379) ! 

Bore & stroke (nominal) 

, in. (mm) . . . 

. . 3.98 x 3 

82 

(101 x 

97) 

Compression ratio . . . 



, 

. . 21 

.3:1 

Exhaust 



. 

* . • 

Dual 

SAE net power at 77 °F, 

hp (kW) .... 

. . 145 (108 

8) 

0 3600 

rpm 

SAE net torque at 77 °F 

, lb-ft (N-m) . 

. . . 248 (333) 

0 2000 

rpm 




Table 2 Stirling engine specifications 


Engine type 

Heater head temperature, °C 

Working gas 

Piston displacement, L (in. 3) 

Bore & Stroke, in. (mm) 

Drive system Dual 

Exhaust . . . 

Muffler 

Aftertreatment for emissions 

Net power, hp (kW) 

Net torque, lb-ft (N-m) . 

Net efficiency, percent 


. . Upgraded Mod I ASE 

770 

Hydrogen 

0.492 (30) 

. 2.68 x 1.34(68 x 34) 

crank "U" configuration 

Dual 

None 

None 

. 74 (55.5) 0 4000 rpm 

. 140 (188) 0 1000 rpm 

35 0 1700 rpm 


Table 3 Multistop performance predictions 


[Axle ratio, 4.10] 


Acceleration 

Diesel 

Stirling 


145 hp 

100 hp 

60 hp 

75 hp 


(108.8 kW) 

(75 kW) 

(45 kW) 

(56.2 kW) 

Percent Grade; 6 500 lb 





0-30 mph, sec 

4.8 

7.2 

16.2 

10.5 

0-50 mph, sec 

14.1 

23.4 

60.0 

38.2 

0-60 mph, sec 

20.7 

38.9 


— 

Percent Grade; 11 550 lb 





0-30 mph, sec 

7.9 

12.5 

33.4 

18.9 

Percent Grade; 6 550 lb 


■1 



0-5 mph, sec 

1 .3 


— 

12.5 

Maximum speed, mph 

21 .4 

■a 

— 

5.8 


























Table 4 Comparison of diesel and Stirling-powered vans 


Feature 

Diesel 

Stirling 

Style 

HI -Cube GM C-30 

Cube w/internal modifications 

Engl ne 

V-8, model LL4, diesel, 6.2 L 

U4, Mod I ASE, multifuel, 0.5 L 

Rated bhp (kW) 

145 (108.8) 0 3600 rpm 

74 (55.5) 0 4000 rpm 

Alternator, A 

66 

130 

Transml sslon 

GM Turbo three-speed hydramatic 

Chrysler 904 three-speed automatic 

Axle ratio 

4.10 

3.08 

Chassis 

G31303 

G31303 modified 

Curb weight, lb 

6800 

6250 

Gross vehicle weight, lb 

8600 

8000 

Gross tow capability, lb 

13 500 

13 000 

Maximum speed, mph 

80 

55 

Exhaust temperature, °C (°F> 

800 (1472) 

250 (482) 

Coolant temperature, °C <°F> 

100 (212) 

50 (122) 

Coolant pressure, psi 

20 

14.7 




Table 5 Multifuel operation of the Stirling-powered van 


Type of fuel 

Hours used 

Miles driven 

Period 

Unleaded gasoline 

440 

1671 

Sep 86 - Mar 87 

JP-4 aircraft fuel 

536 

1882 

Mar 87 - May 87 

Diesel fuel (DF-2) 

145 

634 

Jun 87 

Total s 

1121 

4187 



Table 6- Characteristics of fuel used 


Type of fuel 

Heating value, 
Btu/lb 

Flash point, 
°F <°C) 

Unleaded gasol ine 

18 600 

-30 (-34.4) 

JP-4 aircraft fuel 

18 800 

-9 (-22.7) 

Diesel fuel (DF-2) 

18 300 

192 (88.9) 



Fig. 1 Air Force multistop van 
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TORQUE 


2000 3000 
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Fig. 2 Power and torque curves of 6.2-L, V-8 diesel engine 
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OPERATING 

TEMPERATURE 


STRATEGIC 
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ELIMINATED 


REDUCED 

DIAMETER 


REDUCED 

LOSSES 


PART POWER 
OPTIMIZATION 


DESIGN SPECULATIONS: 

92.5 hp/580 t> 69 kW/263 kg 
SET TEMPERATURE 1508 *F 
(820 *C) 

78 hp/580 fc 58 kW/263 kg 
SET TEMPERATURE 1328 *F 
(728 *C) 

22.8 in M/ 580 mm M/ 

24.0 in diam 610 mm <ftam 


Fig. 3 Cross section of Mod I automotive Stirling engine 
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Fig. 5 Comparison of Stirling and diesel engine ins 

(1) Stirling, 80 hp 

(2) Diesel, 150 hp 




Fig. 6 Stirling digital engine control and diagnostics 

PANELS INSTALLED IN VAN 
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/'—VEHICLE SPEED 



0-4000 rpm -J L MILES TRAVELED 0-5 MILES 


Fig. 8 Tachograph of typical duty cycle on Langley 
FLIGHT LINE, OCTOBER 30, 1986 


/^VEHICLE SPEED 



Fig. 9 Tachograph of continuous 24-hr operation on 
Langley flight line, March 25, 1987 
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DEERE & COMPANY 
TECHNICAL CENTER J®! 


Fig. 10 Air Force multistop van evaluated by Deere & Company 
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0-80 MPH 


ENGINE SPEED / 

0-4000 rpm — ' 


MILES TRAVELED 0-5 MILES 


Fig. 11 Tachograph of typical duty cycle in Moline, II 
area, July 22, 1987 
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